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RSHUDWLRQ 7KH 0( DSSURDFK XVHG LV D WZRVWHS SURFHGXUH ZKHUH WKH UHVSRQVH RI WKH VWUXFWXUH LV FDOFXODWHG














VLJQLILFDQW LPSDFWV UHODWHG WR KLJK PDWHULDO FRQVXPSWLRQ HQHUJ\ LQSXWV DQG FDSLWDO LQYHVWPHQWV $Q
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WUDQVSRUWDWLRQ LQIUDVWUXFWXUH V\VWHPV 2QH RI WKH FULWLFDO HOHPHQWV LQ DQ\ SDYHPHQW DVVHW PDQDJHPHQW
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WRSUHGLFWRUVLPXODWH WKHVWUXFWXUDOGHJUDGDWLRQRI W\SLFDO1RUGLF URDGVWUXFWXUHVDVD IXQFWLRQRI WLPH
)RU WKLV SXUSRVH DQ DUWHULDO URDG 5Y 1lVVM| IURP WKH 6ZHGLVK ORQJ WHUP SDYHPHQW SHUIRUPDQFH
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ZKHUH1LVKHUHWKHDFFXPXODWHGQXPEHURIVWDQGDUGD[OHV'HULVUHVLOLHQWVWUDLQLQGXFHGGXULQJWKHORDG
F\FOH7LVWKHWHPSHUDWXUHLQGHJUHHVFHQWLJUDGHDQGDDDQGDDUHPDWHULDOSDUDPHWHUVGHWHUPLQHGLQ
WKH ODERUDWRU\)RU WKHXQERXQGDJJUHJDWH OD\HUV EDVHFRXUVHDQGVXEEDVH WKHPRGHOXVHG LVJLYHQDV
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ZKHUHHUDQGEDUHPDWHULDOGHSHQGHQWUHJUHVVLRQSDUDPHWHUV
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7KHSDYHPHQWVWUXFWXUH
)LJ  VKRZV WKH SDYHPHQW VWUXFWXUH IURP WKH 6ZHGLVK ORQJ WHUP SDYHPHQW SHUIRUPDQFH /733
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IURP %ULGJH :HLJK,Q0RWLRQ %:,0 PHDVXUHPHQWV UHVSHFWLYHO\ 'XULQJ D WUDIILF FRXQWLQJ
PHDVXUHPHQWPDGH LQ WKH DYHUDJH DQQXDO GDLO\ WUDIILF $$'7ZDVZKHUH KHDY\ YHKLFOHV
FRQVLVWHGRI$$'7KY 'DWDIURPWKH6ZHGLVK%ULGJH:HLJK,Q0RWLRQ%:,0V\VWHPDW
WKHQHDUE\VWDWLRQ)RUVHUXPKDVIXUWKHUEHHQDQDO\VHG'DWDZDVFROOHFWHGGXULQJDRQHZHHNSHULRGLQ
DQGDJDLQ LQ%DVHGRQ WKLV LWZDVFRQFOXGHG WKDW WKHHTXDOVLQJOHD[OH ORDGV(6$/VZHUH
1 SHUGD\DQG ODQHDW WKH WLPH WKHURDGZDVRSHQHGIRU WUDIILFZLWKD\HDUO\ LQFUHDVHRI
ZKHUH1UHSUHVHQWVWKHN1GXDOZKHHOVWDQGDUGD[OHZLWKN3DW\UHSUHVVXUH
+RXUO\ WHPSHUDWXUH GDWD IRU WKH HLJKW\HDU SHULRG EHWZHHQ  DQG  KDV EHHQ DQDO\VHG IURP
PHDVXUHPHQWVDWWKH/733VLWHLQFOXGLQJERWKWKHDLUWHPSHUDWXUHDVZHOODVPHDVXUHPHQWVIURPDVHQVRU
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7KH $& OD\HU FRQVLVWHG RI D  PP ZHDULQJ FRXUVH RYHU D  PP URDG EDVH PL[ 7KH ELQGHU
SHQHWUDWLRQRIERWKOD\HUVZDVSHQ%DVHGRQ,'7LQGLUHFWWHQVLOHWHVWVIURPFRUHVPPLQ
GLDPHWHU WKH PDVWHU FXUYHV IURP WKH FRUHV ZHUH HVWLPDWHG 7KH WZR $& OD\HUV UHYHDOHG YHU\ VLPLODU
SURSHUWLHVDQGZHUHWKHUHIRUHWUHDWHGIRUVLPSOLFLW\DVRQHVLQJOHOD\HUZLWKLGHQWLFDOPDWHULDOSURSHUWLHV
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ZKHUH7UHILVWKHUHIHUHQFHWHPSHUDWXUHLQ&KHUHWDNHQDV&DQGELVDPDWHULDOFRQVWDQW7KHPDWHULDO
SDUDPHWHUVIRUWKHSHUIRUPDQFHPRGHOOLQJRIWKHSHUPDQHQWGHIRUPDWLRQDFFRUGLQJWRHTXDWLRQKDYH
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     
%DVHFRXUVHDQGVXEEDVHPDWHULDO
7KHEDVHFRXUVH%&PDWHULDOFRQVLVWHGRIFUXVKHGQDWXUDOPPDJJUHJDWHV,WKDVEHHQDQDO\VHG
LQ D UHSHDWHG ORDG WULD[LDO 5/7 WHVW  PP LQ GLDPHWHU DQG PP LQ KHLJKW %RWK WKH UHVLOLHQW
SURSHUWLHVDVZHOODVSHUPDQHQWGHIRUPDWLRQSURSHUWLHVKDYHEHHQHYDOXDWHG)LJVKRZVWKHUHVXOWVRI
WKHVWLIIQHVVWHVWLQJ+RII7KHVXEEDVH6ELVDPPQDWXUDOPDWHULDO,WKDVEHHQWHVWHGLQ
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6XEJUDGH
7KH VWLIIQHVV FKDUDFWHULVWLF RI WKH VXEJUDGH 6J KDV EHHQ HYDOXDWHG EDVHG RQ IDOOLQJ ZHLJKW
GHIOHFWRPHWHU):'PHDVXUHPHQWVFDUULHGRXWUHJXODUO\GXULQJWKHRSHUDWLRQWLPHRIWKH/733VHFWLRQ
7KH SHUPDQHQW GHIRUPDWLRQ FKDUDFWHULVWLFV RI WKH VXEJUDGH KDYH EHHQ HVWLPDWHG IURP SUHYLRXV
DFFHOHUDWHG SDYHPHQW WHVWLQJ $37 XVLQJ D +HDY\ 9HKLFOH 6LPXODWRU +96 ZKHUH VLPLODU VXEJUDGH
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$OO WKH YLUJLQ UXWWLQJ GXULQJ WKLV LQLWLDO HLJKW PRQWK SHULRG ZKHUH WKH UDWH RI DFFXPXODWLRQ RI WKH
SHUPDQHQWGHIRUPDWLRQLVIDVWZDVWKHUHIRUHDGMXVWHGWR]HURDWWKHWLPHWKHZHDULQJFRXUVHZDVSODFHG
7KHGHYHORSPHQWRISODVWLFGHIRUPDWLRQZDVPXFKPLOGHUWKHUHDIWHUDVPRVWRIWKHSRVWFRPSDFWLRQLQWKH
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7KHSUHGLFWHGUXWWLQJVHHPVWRKDYHIROORZHGWKHREVHUYDWLRQTXLWHZHOOGXULQJWKHILUVW±\HDUVEXW
WKHUHDIWHUWKHPRGHOLQGLFDWHVDPLOGHUUDWHRIUXWWLQJGHYHORSPHQWFRPSDUHGWRWKHPHDVXUHPHQWV:HDU




3HUIRUPDQFH SUHGLFWLRQ ZDV FDUULHG RXW IRU RQH /733 WHVW URDG VHFWLRQ LQ VRXWKHUQ 6ZHGHQ 7KH
SURFHGXUHXVHGZDVEDVHGRQDWZRVWHS0(DSSURDFKWKDWLVWKHUHVSRQVHRIWKHSDYHPHQWVWUXFWXUHZDV
FDOFXODWHGPHFKDQLVWLFDOO\DQGWKHUHDIWHUWKHSHUIRUPDQFHZDVSUHGLFWHGEDVHGRQDQHPSLULFDOHYDOXDWLRQ





 3HUIRUPDQFHFDOFXODWLRQVIRU ORQJHUSHULRGVQHHG WREHDGMXVWHG WR LQFOXGHFKDQJHV LQPDWHULDO





3DUW RI WKLV VWXG\ ZDV FDUULHG RXW ZLWK ILQDQFLDO VXSSRUW IURP WKH SXEOLF URDG DGPLQLVWUDWLRQ LQ
'HQPDUN ,FHODQG 1RUZD\ DQG 6ZHGHQ WKURXJK WKHLU FRRSHUDWLRQ SURMHFW 1RUG)R8  3DYHPHQW
3HUIRUPDQFH0RGHOV
5HIHUHQFHV
$OL + $ DQG 7D\DEML 6 '  (YDOXDWLRQ RI 0HFKDQLVWLF(PSLULFDO 3HUIRUPDQFH 3UHGLFWLRQ
0RGHOV IRU )OH[LEOH 3DYHPHQWV 7UDQVSRUWDWLRQ 5HVHDUFK 5HFRUG -RXUQDO RI WKH 7UDQVSRUWDWLRQ
5HVHDUFK%RDUG9ROSS
$5$ ,QF  *XLGH IRU WKH 0HFKDQLVWLF (PSLULFDO 'HVLJQ RI 1HZ DQG 5HKDELOLWDWHG 3DYHPHQW
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1RUG)R83301RUGLF&RRSHUDWLRQ3URJUDPUHSRUWQRKWWS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5HVXOWV IURP WULD[LDO WHVWLQJ5HSRUW IURPWKH1RUG)R8SURMHFW3DYHPHQWSHUIRUPDQFH
PRGHOV1RUG)R83301RUGLF&RRSHUDWLRQ3URJUDPKWWSZZZQRUGIRXRUJ



















8]DQ -  &KDUDFWHUL]DWLRQ RI *UDQXODU 0DWHULDOV 7UDQVSRUWDWLRQ 5HVHDUFK 5HFRUG  75%
1DWLRQDO5HVHDUFK&RXQFLO:DVKLQJWRQ'&SS
:LPDQ / * DQG (UOLQJVVRQ 6  $FFHOHUDWHG 3DYHPHQW 7HVWLQJ E\ +96 ± D 7UDQVQDWLRQDO
7HVWLQJ(TXLSPHQW7UDQVSRUW5HVHDUFK$UHQD(XURSH/MXEOMDQD$SULO&'520
<RGHU ( - DQG:LWF]DN0: 3ULQFLSOHV RI 3DYHPHQW (QJLQHHULQJ QG (G -RKQ:LOH\	
6RQV,QF

